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Abstract 
The Present work is carried out to investigate the thermal behavior of cross flow plate fin heat exchanger having offset strip fin. 
An experimental set up has been built in the laboratory to test the Plate fin Heat exchanger. Sets of experiments had conducted to 
determine the thermal performance of the given heat exchanger.  Mass flow rate of cold fluid, mass flow rate of hot fluid, hot 
fluid inlet temperature, cold fluid inlet temperature, hot fluid and cold fluid inlet pressure are considered as input parameters.  
The values of the heat transfer co-efficient, effectiveness and pressure drops are obtained for the different value of the input 
parameters. The experimental results are compared with the correlations developed by Maiti and Sarangi, Manglik and Bergles 
and Joshi and Webb. Finally, based on the experimental results coluburn factor (j) correlation is developed to predict the value of 
heat transfer co-efficient.  
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1. Introduction 
Plate fin heat exchanger is one type of compact heat exchanger. Plate-fin heat exchangers are widely used in gas-
gas applications such as cryogenics, micro-turbines, automobile, chemical process plants, railway engines, and 
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motor cars, naval, air-conditioning and aeronautical applications. Plate-fin heat exchanger has high thermal 
effectiveness, large heat transfer surface area per unit volume and high thermal conductivity due to small thickness 
of plate. This leads to reduction of space requirement, weight, energy requirement and cost. 
 
Nomenclature 
A heat exchanger surface area (m2)  
Aff free flow area (m
2) 
C heat capacity rate (W/K) 
Cr Cmin/Cmax 
G mass flux velocity (kg/m2 K) 
h convective heat transfer co-efficient(W/m2 K) 
H height of fin (m) 
j colbum factor 
l lance length of the fin (m) 
L heat exchanger length (m) 
m mass flow rate(kg/s) 
n fin frequency 
N number of fin layers for fluid a 
NTU number of transfer units 
Pr prandtl number 
Q heat duty 
Re reynold number 
s fin spacing(m) 
t fin thickness (m) 
T temperature (K) 
U overall heat transfer co-efficient (W/m2 K) 
 
Greek letters 
 
Ɛ effectiveness 
µ viscosity (N/m2s) 
ρ density (kg/m3) 
 
Subscripts 
 
a, b fluid a and b 
1 inlet 
2 exit 
h hot 
c cold 
max maximum 
min minimum 
 
Due to the complex nature of the flow in this type of heat exchanger, empirical correlations have been developed 
for over last many years, with the Colburn factor (j) and have been constantly updated 
Accurate prediction of the heat transfer coefficient is essential for proper design of heat exchangers. Many of the 
researchers[1-9] have put their efforts to investigate the offset strip fins due to high degree of compactness and high 
heat transfer rate and its continuously attracts researcher for investigations. In most of the research work, air is used 
as working fluid. 
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Fig 1. Cross flow PFHE with offset strip fins geometry 
The first investigation on offset strip fins based on experimental results were done by Kays and London [1].Later 
on several empirical correlations were generated from the experimental data of Kays and London [1] and other 
experimental works.  
In extension of the work by Kays and London, London and Shah [14] have reported measurement on eight high 
performance surfaces, all of the offset strip fin geometry. Shah has suggested a “modified Wilson Plot technique” 
[15] for determining heat transfer in both sides of a heat exchanger simultaneously. Manson [2] examined fin 
geometries, using a power method in addition to Kay’s and London’s experiments.Weiting [3] developed an 
empirical correlation from experimental heat transfer and flow friction data using 22 fin geometries. Mochizuki et al 
[4] obtained more accurate correlations by modifying Wieting [3] correlation, with the coefficients and exponents 
modified to fit their own experimental data for five scaled up rectangular offset strip fin surfaces.Joshi and Webb [5] 
presents analytical models to predict the heat transfer coefficient and the friction factor of the offset strip fin heat 
exchanger surface and equation was developed to predict the transition from laminar to turbulent flow. Manglik and 
Bergles [6] examined the heat transfer and friction data and presented correlation that could be applied to the 
laminar, transition and turbulent regimes based on experimental data from the literature. Tinaut et al.[7] investigated 
offset strip fin heat exchanger by using water and engine oil. Hu and Herold [8] investigated effect of Prandtl 
number on offset fin heat exchanger performance using water and polyalphaolefin as working fluids. Muzychka and 
Yovanovich [9] developed a new model to predict the heat transfer and flow friction performance of offset strip fin 
geometries by using transmission oil. Wang et al [10] carried out heat transfer and flow friction experiments to study 
the role of fin frequency on heat transfer and pressure drop. Lozza et al [13] have also conducted steady state 
experiments on fin and tube heat exchangers having different fin geometries using air and hot water at 600 0C as 
working fluids. Ghosh [11] generate separate correlations for laminar and turbulent zones using same experiments 
techniques of Kays and London [1] and combining results with the numerical results obtained in the same laboratory 
by Maiti and Sarangi[12]. Maiti and Sarangi [12] used CFD as numerical tool for computing velocity, pressure and 
temperature fields in plate and fin passages. They obtained correlations for the non dimensional heat transfer 
coefficient, j by combining both computed and experimental results. 
2. Mathematical model of PFHE Geometry 
The mathematical model is prepared to design and to predict heat transfer coefficient. For the cross flow heat 
exchanger with both fluids unmixed, effectiveness is given by Incropera and DeWitt [16] as, 
 
  0.23 0.7811 exp exp 1r
r
NTU C NTU
C
H ª º§ · ª º   « »¨ ¸ ¬ ¼© ¹¬ ¼
                                                                                   (1)
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The effectiveness of heat exchanger is also given by,  
 
 
 ,1 ,2 ,2 ,1min ,1 ,2 min ,1 ,2
a a a a b b
a b a b
C T T C T T
C T T C T T
H                                                                                                                    (2) 
   
         
                                                                                   
Where, Ta1, Tb1, Ta2, Tb2, are the inlet and exit temperature of the fluid a and fluid b. Number of transfer units 
(NTU) is given as,  
   min min
1 1 1
a b
C C
NTU UA hA hA
ª º  « »« »¬ ¼
                                                                                                              (3) 
min maxrC C C                                                                                                                                                        (4) 
 
Considering the expression for heat transfer coefficients, the equation of NTU is simplified as  
 
, ,
min 0.667 0.667
, ,
1 1 1
Pr Pr
ff a ff b
a p a a a a b p b b b b
A A
C
NTU j C m A j C m A 
ª º « »« »¬ ¼
                                                               (5)
         
 
Where, Aff is free flow area, and for the plate fin heat exchanger geometry considered in the present work (shown 
in Fig.1) it is given by, 
 
  , 1ff a a a a a a aA H t n t L n                    (6) 
  , 1ff b b b b b b bA H t n t L n                    (7) 
          
Similarly heat transfer areas for the two sides are obtained by, 
 
 ^ `1 2a a b a a a aA L L n n H tª º  ¬ ¼                  (8) 
 ^ `1 2b a b b b b bA L L n n H tª º  ¬ ¼                  (9) 
 
 So, total heat transfer area of the considered heat exchanger are formulated as, 
 
 ^ `  ^ `1 2 1 2a b a b a a a a a b b b b bA A A L L n n H t L L n n H tª º ª º       ¬ ¼ ¬ ¼           (10) 
 
The heat transfer co-efficient is determined by,  
 
  0.667Prph jGC                                                                                                  (11)  
3. Experimental set up 
Figure: 2 Shows the Experimental setup and schematic diagram of cross flow PFHE apparatus. It consists of a 
PFHE, Air Compressor, Nitrogen supply, Control System and data acquisition system. The specifications of the 
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Fig.2. Schematic Diagram of cross-flow plate fin heat exchanger 
 
PFHE used in experimentation are :- Length of Heat Exchanger = 0.42m, Width of Heat Exchanger = 0.21m, Height 
of Heat Exchanger  = 0.105m,  Fin Frequency   for Cold Fluid  (fins/m) = 267, Fin Frequency for Hot Fluid  n 
(fins/m) = 400, Thickness of Fin (m) = 0.002, Length of Fin l (m) = 0.1, No of Pass  for Hot Fluid = 3, No of Pass 
for  Cold Fluid =4, No of Offset for Cold Fluid = 2, No of Offset for Hot Fluid = 4.  
Sets of experimentation have been performed by taking Nitrogen gas as cold fluid and Air as hot fluid. To 
minimise heat loss to the surroundings, set up is insulated by 30mm thick glass wool layer. Apparatus is supported 
by M.S. stand at ergonomically suitable height. Cold fluid velocity, hot fluid velocity, cold fluid inlet temperature 
and hot fluid inlet temperature are taken as input parameters. Air is supplied to the PFHE through the 1KW 
electrical heater, whose power input is adjustable and Nitrogen is supplied under pressure directly to the PFHE. 
Different parameters are measured and recorded by data acquisition system. 
 4. Results-discussion 
Table 1 shows the input parameter and output value measured during the experiments. Large numbers of readings 
are considered during the experimentation. Out of these reading, some of the readings are considered here. It is 
observed from the results that with increase in cold fluid velocity, the cold fluid outlet temperature is increased and 
the hot fluid outlet temperature is reduced. The graphical represents of the obtained results are shown in Figures 3-5. 
 
Table 1.Experimental output of PFHE 
 
______________________________________________________________________________________________________________ 
Sr Cold Fluid Hot Fluid Cold Fluid Cold Fluid Hot Fluid Hot Fluid 
No Velocity Velocity Inlet Temp Outlet Temp  Inlet Temp Outlet Temp 
                (m/s) (m/s) ta1(˙C) ta2 (˙C) tg1 (˙C) tg2(˙C) 
______________________________________________________________________________________________________________ 
1 58.5 136.7 27.3 32.3 48.3 37.5 
2 62.6 138.4 27.3 32.3 46.9 36.3 
3 70.2 124.1 23.9 30.6 54.8 37.9 
4 79.7 131.5 23.9 30.6 53.6 37.8 
5 88 117.2 29.7 32.7 48.7 37.1 
6 96.6 139.6 23.9 30.7 50.6 37.2 
7 118.7 97.7 27.6 32.4 50.5 37.2 
8 132.5 132.7 24.1 31.5 60.8 39.1 
9 143.6 119.9 26.9 32.4 54.3 38 
10 157.7 131.4 20 30.1 58 37.9 
11 168.1 145.7 28.6 32.5 50.6 37.9 
12 186.4 150.5 20.4 30.2 57.6 37.9 
13 198.6 157.3 20.9 30.4 57.6 38 
14 203.7 164.4 21.3 30.5 57.3 38 
15 207 167.8 21.8 30.7 56.8 38 
_____________________________________________________________________________________________________________ 
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Figure 3(a) shows variation in effectiveness corresponding to cold fluid velocity.  
 
 
Fig. 3. (a) Effectiveness versus cold fluid velocity;  (b) Effectiveness versus hot fluid velocity. 
Effectiveness is decreased with an increase in cold fluid velocity. Effectiveness is 0.843 at cold fluid velocity 58.5 
m/s and 0.64 at cold fluid velocity 207 m/s. Figure 3(b) shows variation in effectiveness corresponding to hot fluid 
velocity. As the hot fluid velocity increases, effectiveness is increased.  
 
 
Fig. 4. (a) cold fluid heat transfer co-efficient versus cold fluid velocity ; (b) hot fluid heat transfer co-efficient versus cold fluid velocity. 
Figure 4(a) shows variation in cold fluid heat transfer coefficient (ha) corresponding to cold fluid velocity. As the 
cold fluid velocity increases, cold fluid heat transfer coefficient (ha) increased (from 0.33 to 0.888). Figure 4(b) 
shows variation in Hot fluid heat transfer coefficient (hb) corresponding to cold fluid velocity. As the cold fluid 
velocity increases, slight change in hot fluid heat transfer coefficient (hb) in increasing mode.   
Figure 5(a) shows variation in cold fluid heat transfer coefficient (ha) corresponding to hot fluid velocity. As the 
hot fluid velocity increases, cold fluid heat transfer coefficient (ha) is increased. Figure 5(b) shows variation in hot 
fluid heat transfer coefficient (hb) corresponding to hot fluid velocity. As the hot fluid velocity increases, hot fluid 
heat transfer coefficient (hb) is increased (from 0.1.13 to 0.1.26).  
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Fig. 5. (a) Cold fluid heat transfer co-efficient versus hot fluid velocity; (b) hot fluid heat transfer co-efficient versus hot fluid velocity. 
5. Comparison 
For analyses, mainly three correlations are taken into consideration i.e.Maiti & sarangi, Mangalik & Bergles and 
Joshi & Webb. Based on the result of experimental investigation and after conducting regression analysis following 
correlation has been developed for the Coburn factor. 
If Re≤ 1500            0.06347 0.2683 0.26930.52170.3658 * Re * * * /t lj H t ss s  § · § · ¨ ¸ ¨ ¸© ¹ © ¹                  (12)        
If Re > 1500            0.0487 0.1837 0.29020.42290.1883 * Re * * * /t lj H t ss s  § · § · ¨ ¸ ¨ ¸© ¹ © ¹                    (13)  
Table 2 shows the comparison of heat transfer coefficient for hot fluid and cold fluid. Values of heat transfer       
 
Table 2.Comparision of Heat transfer coefficient based on several correlations  
 
______________________________________________________________________________________________________________ 
Sr  
No 
Hot fluid 
Heat 
transfer  
Coefficient   
(hb) 
J & W 
Hot fluid 
Heat 
transfer  
Coefficient   
(hb) 
M & B 
Hot fluid 
Heat 
transfer  
Coefficient   
(hb) 
M & S 
Hot fluid 
Heat transfer  
Coefficient   
(hb) 
Developed 
Corre 
Cold fluid 
Heat 
transfer  
Coefficient   
(ha) 
J & W 
Cold fluid 
Heat 
transfer  
Coefficient   
(ha) 
M & B 
Cold fluid 
Heat 
transfer  
Coefficient   
(ha) 
M & S 
Cold fluid 
Heat transfer  
Coefficient   
(ha) 
Developed 
Corre 
1 2.1496 1.5848 1.1981 1.1308 0.6316 0.4618 0.3512 0.3306 
2 2.1589 1.5908 1.2031 1.1353 0.6534 0.4766 0.3631 0.3415 
3 2.0655 1.529 1.1525 1.0892 0.6887 0.5001 0.3822 0.359 
4 2.123 1.5681 1.1838 1.1181 0.7338 0.5304 0.4067 0.3815 
5 1.9914 1.4764 1.1116 1.0512 0.7772 0.5601 0.4305 0.4033 
6 2.1789 1.6055 1.2142 1.1458 0.8078 0.5799 0.4469 0.4182 
7 1.8226 1.3603 1.0193 0.9659 0.9001 0.6416 0.497 0.464 
8 2.152 1.59 1.2001 1.1335 0.9464 0.6717 0.5219 0.4866 
9 2.029 1.5037 1.1325 1.0707 0.4916 0.523 0.7047 0.7238 
10 2.134 1.5769 1.1901 1.1241 0.516 0.5509 0.738 0.7578 
11 2.226 1.6377 1.2399 1.1695 0.5414 0.5788 0.7737 0.7943 
12 2.2827 1.6785 1.2713 1.1989 0.5707 0.6125 0.8135 0.8349 
13 2.3337 1.7132 1.2991 1.2245 0.5931 0.6379 0.8445 0.8665 
14 2.3849 1.748 1.327 1.2502 0.6025 0.6485 0.8574 0.8797 
15 2.4079 1.7635 1.3396 1.2616 0.6087 0.6555 0.866 0.8885 
 _____________________________________________________________________________________________________________ 
coefficient of hot and cold fluid are found by using Joshi and Webb correlation, Mangalik and Bergles correlation, 
Maiti and Sarangi correlation and Correlation developed based on this experimental work which shows that values 
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of heat transfer coefficient obtained by developed correlation are closer to that obtained by Maiti and Sarangi 
correlation.                 
6. Conclusion 
The experimental work is carried out to investigate the thermal behavior of cross flow plate fin heat exchanger 
having offset strip fin. An experimental set up has been built in the laboratory to test the Plate fin Heat exchanger. 
Sets of experiments had conducted to determine the thermal performance of the given heat exchanger at different 
mass flow rates and at different input parameters like cold fluid inlet temperature, hot fluid inlet temperature. The 
values of the heat transfer co-efficient and effectiveness obtained from experimental work are compared with the 
values obtained by using the correlations developed by Maiti & Sarangi, Mangalik & Bergles and Joshi &Webb. 
Following are the main points drawn from the experiments. 
x Correlations developed by Maiti and Sarangi are in better agreement with the experimental data compared 
to the other correlations. 
x The percentage deviation between the effectiveness value obtained from experiment work and that 
suggested by Maiti and Sarangi value varies from 0.79% to 2.17%.  
x Similarly, the percentage deviation between the heat transfer coefficient value obtained from experimental 
work and that suggested by Maiti and Sarangi value varies from 5.24% to5.82% for hot fluid and varies 
from 2.59% to 6.76% for cold fluid. 
x This work presents an experimental set up for finding the thermal performance of a specific plate fin heat 
exchanger and developed the correlation for colburun factor to check the validity of other available 
correlations. Looking at the results, the proposed correlation is in better agreement with the correlation 
developed by Maiti and Sarangi. 
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